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WIND TUNNEL AND NUMERICAL EXPERIMENTS EXPLORING THE INTERACTIONS
BETWEEN AN EJECTA CURTAIN AND AN ATMOSPHERE

O.S. Barnouin-JhaR.H. SchulzDept. of Geological Sciences, Brown University, Providence, Rl 02912,
andJ. Lever Cold Regions Research and Engineering Laboratory, Hanover, NH 03755.

Abstract Analyzing theflow past small porous platesdepends on the siznd density of individual particles
providesthe groundworkor understanding the interac-comprising the curtain, on theelocity of the ejecta
tions between an atmospheand anejectacurtain at curtain, and on the surroundiretmospheric density
planetary scales. The presshidy developsriteria for and viscosity. For a perforatedlate, this resistance
flow traversing a porous structurdetermining wind depends on thgorosity ofthe plate, the shape pérfo-
speed losses when atmosphiioavs through the upper rations, atmospherigiscosity and density [6]. In hy-
semi-permeable portions of an ejectartain, and as- draulics [e.g. 6], the dimensionless parameter control-
sessesvind speed losses due to atmospheric compresisig the resistance tdlow of a barrier is equal to the
bility. These results permit establishitige amount of pressure change acrod® barrierdivided bythe up-
ejectaentrainment abroad scalesand theeffect ofthis stream dynamic headThis ratio is equivalent to the
entrainment orejectatransport andieposition. Even- dragcoefficientCp for a bluntobject in anunconfined
tually, observed ejecta morphologies of planetary craticsv and defines when atmospherfiows through
formed in an atmosphere will provide information ofversus around) an ejecta curtain.
impact conditions such as target properties (includikigind tunnel and CFD Experiments Wind tunnel and
volatile content) and atmospheric density. CFD experiments investigatBdow past a variety of
Introduction The interactions of an atmosphere witplates inclined at 45into theflow. These investiga-
an advancingjectacurtain probably play asignificant tions allow comparingy, values of unconfined porous
role in controlling the entrainment, transpard em- plates (filling littte or no portion of a channel) with
placement of fine grainedjecta at planetary scales [1known Cp values for confined porous plates (filling the
2, 3, 4]. Preliminary estimates of the wind strengtesitire cross-section of ehannel [6]). Such compari-
created by an advancirgiectacurtain indicate that asons show that know@ values [6] for confined porous
substantial amount of fine grainegecta should be en-plates can besed to comparthe relative resistance of
trained at planetargcaleq3, 5]. Accurate estimates ofunconfined porous plates. The wind tunnel experiments
the amount ofejectaentrained still need to be deteralso document losses in wind speed as atmosfilbare
mined to gain ebetter understanding dfow this en- separates through the upper semi-permeable portion of a
trainmentaffects ejectaransport ancemplacement at perforated platavhose porosityincreases with height.
broad scales. Using both witidnnel experiments andSimilar lossesare expected athe top of arejecta cur-
computational fluid dynamics (CFDs}is study inves- tain. Furthermore, theind tunnel calibrates the turbu-
tigatesflow past a variety of inclined soliend perfo- |ent coefficients ofthe CFD (k-¢ turbulence model) for
rated plates, which providgood analogs to arejecta the plate geometry under investigation.
curtain comprised of particulates [5].This approach Figure 1: Estimated and measudedg cefficient of two perforated plates.
allows addressinghe physicalfactors controlling the  Similar variations in drag coeffient indicate that the sarpbysicscontrols
impermeable Iength_ and velocity U of the ejecta the passage of flow'through the perforated plates regardless of whether

. ! . . . or not they are confed.
curtain, and the time just prior to when the curtain
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The physicafactors controllingL, U andt are critical
for determininghow an ejectacurtain interacts with a
realistic atmosphere whiokould be shock heated early
during crater formatiorandwhich decreases in density
with elevation.

Conditions for flow through an ejecta curtain An : : . .

atmosphere flows through a porous barrier or ejecta cur- ° Perforation R“e‘;"no.ds nurﬁfm: d, Uhy 00

tain when sufficient pressure difference exists across the The CFD calculations estimatae flow speeds in a
barrier to driveflow through its resistant gaps. If thqryly unconfined (ejecta-like) environment which can-
pressure difference acrotse barrier istoo small, the not be achieved ithe wind tunnel since the inclined
flow movesaround. The resistance of ajectacurtain pjates slightly obstruct its cross-sectioraka. The

304 Estimatedc, ]

254 1
204 1
154 B

10 B
o

DragcoefficientC, =4p / (0.5p U 2)

Cﬁ06% o wo®o B o oo 0 ®

o u
1
1




Lunar and Planetary Science XXVIII 1273.PDF

ATMOSPHERIC INTERACTIONS WITH AN EJECTA CURTAIN:  0O.S. Barnouin-Jha, P.H. Schultz and J. Lever.

CFD calculations also showhether or noflow separa- observedandestimated curtain heigloccurs because of
tion occurs athe top of a planetargcale ejectzurtain our assumptiothat theexcavated ejecta volunmetains
when theflow becomescompressible but nonethelesthe sameorosity measured ithe pre-impact target. A
remainssubsonic. Furthermoreghey provide correc- more realistic value fathe curtainporosity results in a
tions if compressibldlow effectsalter the strength of better matchbetweenthe observedand estimated cur-
the vortex ring generated by an ejecta curtain. tain height. Just asC,. setsthe curtain length, ialso
The wind tunnel experimentsere performed in a controls the time when thgjectacurtain becomeser-
0.5x0.5m tunnel at th€old Regions Resear@nd En- meable.
gineeringLaboratory. We used a manometer to meadsgure 3: Flowvelocity losses due to passage through a semi-permeable section
ure pressurdosses acrosthe platesand a hotwire :ttopofplatewithricre_asi_ng)orosityg Theenergylossesalbouta%. The _
. ow structure past an inclined plate is independent of Reynolds number. Velocity
anemometer to measure wind speadsund the plates. fike taken at x*= x /H 4.6.
Both wind tunnel and CFD experiments were performed .
at steadystate. TheCFD calculations were dongsing
the commercially available code FLUENT.
Results The wind tunnel experimenthow that the
known Cp behavior for confined plates [6] is repro-
duced at unconfined perforated plates (Figure 1),
therebyindicating that thesame physics controls the
resistance tdlow of both plates. Consequently, known
Cp values [6] for confined porousarriers (including
those made of unconsolidated matexksely resem- oL - - - J
bling an ejecta curtain) can beed to compartne rela- Normalized Velocity (u* = u/U )
tive resistance of unconfined porous obstacles. The
absolute value of thes€y values, howeverdo not
reflect the true magnitude of the pressure demposs
the unconfinedbstacles (see Figure h¢cause recircu-
lation behind suchobstacles reduceshe pressure

8 % velocity loss
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Figure 3 shows how the top semi-permeable portion
of a platewhose porosityncreases with heigheduces
the wind velocity generated as atmospheffows
through it. All the windspeeds have been corrected for
change across them. blockage gffects ithe wind tunnel. _The maximum

_ _ . _ flow velocity through theporous plate is 8% ledfhan

Figure 2: Estimated drag for &afe whose pwsity g increaseslang itslength . . . .

showing for what conditions flow godsroughthe plate. C, . allows estimating the maximum W|ndspeed paSthe solid plate- This

curtain lengths for realistic atmospherigiact conditions. wind Speed loss needs to be included when eStimating

- - - - - - - the circulationand entrainment strength of thertex
& ring generated by an advanciejectacurtain at large
3 e | 3 scales.
S re drcuttior, Properly benchmarked with wind tunnel results, the
& o CFD calculations reveahatflow separation stilbccurs
S o 9=225% 9=39.0% : when compressibilitypecomesimportant. They also
g / showthat fluid compressibility decreas¢se maximum
£ C,.=51 Flowmm?ﬁé’ ; wind speed generateduring flow separation with re-
o T enw spect to its incompressible counterpart.
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height of anejecta For such @late, flow passes
through its 40%porous layer whei€C,, = 5.1 (Figure

2). The estimated curtain length obtained using this
Cp, value duplicates (within a factor of Zjbserved
ejectacurtainswitnessed in experiments tfie NASA
Ames verticalgun range. Any difference between the



